Introduction
This paper reviews African experience with carbon sequestration projects. National governments and civil society groups are looking for ways to mitigate global warming by reducing atmospheric concentration of greenhouse gases (GHG). A viable strategy in this regard is carbon sequestration through forestry activities. Forests can serve as effective sinks by absorbing excess carbon dioxide (CO2) from the atmosphere (IPCC, 2001) . For instance, the Kyoto Protocol allows for reduction in carbon emissions through forest based carbon sequestration projects (UNFCCC, 2002) . The Kyoto Protocol was adopted by the international community in 2005 and sets mandatory targets for industrialized countries to reduce GHG emissions by an average of 5.2% below their 1990 levels by 2008 -12 (UNEP, 2004 .
Under its Clean Development Mechanism, one of three market mechanisms (along with Joint Implementation and Emissions Trading) introduced under Kyoto to make climate change mitigation more cost-effective, (CDM), industrialized countries can achieve these targets by investing in emission reduction projects including carbon sequestration through afforestation and reforestation in developing countries (Fenhann, 2005; UNFCCC, 2003) . Studies by the Inter-Governmental Panel on Climate Change (IPCC) indicate that the costs of carbon sequestration projects may be much lower in tropical countries than industrialized countries.
The cost of carbon sequestration projects in tropical countries (mainly developing countries) could range from $0.10-$20 per ton of carbon, in industrialized countries it could range from $20-$100 per ton of carbon (IPCC, 2001) . Clearly, for industrialized countries, investing in carbon sequestration in the developing world is a much cheaper option. In order to encourage reduction in actual carbon emissions at home, the Kyoto Protocol limits the use of carbon sinks from forestry and other land based activities to only 1% of their base year emissions for each of the five years of the commitment period from Carbon sequestration is one of many valuable environmental services that forests provide.
Traditionally society has enjoyed the benefits of environmental services such as clean air, nutrient cycling, and watershed protection without any payment. Such free-riding often leads to underinvestment in management and protection of environmental and natural resources, resulting in their degradation. Global warming due to unchecked emissions of GHG into the atmosphere is a case in point. However, increasing awareness of environmental issues and innovations in market-based instruments has led to the emergence of markets for many environmental services. Private firms and individuals can now buy and sell some environmental services as they do other goods and services, thereby providing an incentive for their owners to regulate their use (e.g. Pagiola, 2004; Jenkins et al., 2004) . Worldwide, exchange of carbon offsets including carbon sequestration through forests represents the most mature example of these new markets for environmental services (Lecoq and Capoor, 2005; Landell-Mills and Porras, 2002) .
The first large-scale project to yield carbon offsets through forests was established in 1992.
Over its life this project will help sequester 15.6 million tons of carbon dioxide This is equal to 4.25 million tons of carbon (1 ton of carbon being equal to 3.67 tons of carbon dioxide) by regenerating 25,000 hectares of rainforest in Malaysia (Aukland et al., 2002) .
Since then, several new projects have been initiated. Ecosystem Marketplace estimates that over the last ten years, more than 745,000 hectares of land have been brought under carbon sequestration activities, yielding carbon offsets worth $84 million (www.ecosystemmarketplace.com). Similarly, 154 biomass energy projects, worth millions of dollars and in many cases based on forestry plantations, are in different stages of validation under CDM 1 . Since most of these projects (including all CDM projects) are in developing countries, the trade in carbon offsets represents increased income for them. In addition, the ongoing negotiations for a post-2012 commitment period for the Kyoto Protocol to address global warming indicate the possible inclusion of carbon sequestration through avoided deforestation in tropical forests. If included, this has the potential to further benefit poor countries (Cosbey et al., 2005) . Carbon sequestration projects may thus provide a win-win between environmental conservation and increased opportunities for economic development in poor countries (UNEP, 2004; Rosa et al., 2003) .
The economic and environmental benefits of carbon sequestration projects are particularly relevant for Africa, the world's poorest region. African countries need increased investment to support poverty alleviation and infrastructure development. With high dependence on land and forests for subsistence, there is also a growing threat of widespread natural resource degradation. Accordingly, efforts to mitigate climate change through carbon sequestration projects can bring in money both to regenerate natural resources and raise local incomes (Kituyi, 2002) . However, little is known about the status of existing carbon sequestration projects in Africa;
• What projects have been undertaken and where have they been implemented?
• What has been their impact on poor communities and what potential benefits could accrue in the future? • What are the potential drawbacks?
• What crucial challenges need to be addressed if the region is to increase its share of international carbon finance?
This paper seeks to answer these questions through a review of carbon sequestration projects in Africa. It is based on field research with selected projects, backed by an extensive review of published reports and project documents. The purpose of the paper is twofold; firstly, to assess the relative status of the forest carbon sector in Africa, and secondly, to draw lessons for scaling up these initiatives. In addition, the review provides useful lessons for international policy making with respect to carbon sequestration projects in poor countries.
The paper is organized as follows: the remainder of section one introduces the general institutional structure of carbon markets. Section two presents carbon sequestration projects in Africa, followed in section three by a review of potential benefits from carbon sequestration projects in Africa, as well as important concerns about possible negative impacts. Section four discusses critical factors that influence carbon investments in the region and ways to increase such investments.
Carbon Markets: Background
In carbon markets, buyers and sellers trade in 'carbon offsets' or 'carbon credits' which are units of carbon emissions reduced at source (for example by reducing consumption of fossil fuels) or units of carbon dioxide that have been absorbed by forests from the atmosphere (Landell-Mills and Porras, 2002) . Although this paper focuses on trade in carbon sequestration credits, it also draws relevant lessons from carbon markets in general. Broadly, these markets consist of two types of transactions (Lecoq and Capoor, 2005) : (i) Project Based Transactions occur when a buyer invests directly in a carbon emission reduction or carbon sequestration program and gets emission credits in return, e.g. a company pays money to a local community in a developing country to raise forests and then claims carbon sequestration credits in return. The local community in this case acts as a service provider, being responsible for actually generating the carbon credits. There may even be a contract that specifies the kind of service to be provided (e.g. 'x' number of trees to be planted per hectare per year), and how benefits will be shared (e.g. the investor may own the carbon credits but timber and other non-timber forest products belong to service providers). In project based transactions, compensation to service providers may include direct payment or other development benefits such as provision of social services and infrastructure, in-kind technical assistance and support for commercialization, or even expansion of rights over local natural resources (Rosa et al., 2003; Scherr et al., 2001 ). Carbon sequestration is just one of the several types of project based transactions. Under Kyoto Protocol, afforestation and reforestation (AR) projects for carbon sequestration are collectively termed as Land Use, Land Use Change and Forestry (LULUCF) sector. Other transactions include raising energy efficiency, converting power plants from fossil fuels to renewable energy sources, and collecting methane from landfill sites.
(ii) Trade in Emission Allowances refers to commercial trading in carbon offsets under various regimes that have emerged in different parts of the world. These include the European Union Emission Trading Scheme (EU-ETS) under the Kyoto Protocol, and voluntary markets such as the Chicago Climate Exchange (CCX) in the United States. These systems operate like equity markets with buyers and sellers trading well-defined carbon units at particular prices. Buyers do not invest in any particular project; they simply purchase carbon credits from sellers who either generated their own emissions credits or bought them from someone else. In general, apart from buyers and sellers, carbon markets also include intermediaries and supporters. Intermediaries facilitate transactions between investors with service providers. Supporters are institutions or individuals who create an enabling environment and a legal basis for carbon markets to function (Noordwijk et al., 2003) . When responsibility, to experiment with these new markets before making a formal entry, influence policy, improve goodwill or public image, or for philanthropic reasons (Gutman, 2003 (Lecoq and Capoor, 2005) . However, this growth in project based transactions remains highly uneven. Asia accounted for the largest share (73%) of contracted volume, followed by Latin America (17%). Africa's share was less than three percent (Capoor and Ambrosi, 2006) , which raises strong concerns that international carbon market may bypass the region.
The growth is also uneven with respect to nature of carbon projects. Over the last two years, more than half of all project based carbon credits were produced through destruction of
Hydro-fluoro-carbon (HFC) gas, while less than two percent were in the form of carbon sequestration credits (Michaelowa, 2005; Lecoq and Capoor, 2005) . This is a conservative estimate as it does not include carbon sequestration projects taken up by businesses under their corporate social responsibility initiatives or those funded by the Global Environment Facility (GEF). Forestry projects funded by the GEF reduce carbon emissions, but carbon offsets from these projects are not necessarily exchanged in international markets (in any case carbon sequestration is a small part of the global carbon market). This is due to long delays on the part of the CDM Executive Board to approve LULUCF projects and a complicated set of guidelines that govern such projects (IISD, 2006) . This means that most of the international trade in forest-based carbon sequestration credits is currently confined to voluntary markets.
Overview of carbon sequestration projects in Africa
This review covers 19 carbon sequestration projects from 16 different countries in Africa (see 
Other institutional components of carbon sequestration projects in Africa
In most African carbon sequestration projects, the rights to benefits such as timber and nontimber forest products (NTFPs) are given to local communities. The only exception was the Commercial Plantation Projects in Tanzania and Uganda, where the implementing organization (Green Resources Ltd.) owned the wood and non-wood products generated by its plantations. In the Forest Rehabilitation Project in Mount Elgon and Kibale National Parks, Uganda, it was difficult to ascertain whether any timber/NTFPs were being harvested from the project sites.
Regarding carbon benefits, evidence of actual or intended transfer of carbon credits was Concerning payment mechanisms, most projects provide broad development support to local communities, including technical and financial assistance to adopt conservation activities.
Only in a few projects, such as TIST, do the local communities receive specific payments linked to their carbon sequestration efforts.
Potential Benefits from Carbon Sequestration Projects in Africa
The main objective behind any carbon sequestration project is to absorb excess carbon Olhoff et al., 2004) . Although most current carbon projects in Africa are not for compliance under Kyoto, they often follow these broad CDM guidelines.
Research indicates that many carbon sequestration projects in Africa are helping to improve local incomes through the sale of carbon credits. These examples signify the potential to achieve sustainable development and provide increased financial inflows for the host countries. For instance, in the Nhambita Community Carbon Project in Mozambique, local households will receive a cash payment of $242.60 per ha over the next seven years for carbon sequestered by various land-use activities. Although the percentage of money paid to each household will vary from 30% of the total in the first year to 10% of the total in the seventh year, a simple average works out to $34.70 per household per annum (taking an average of one hectare of land per household). This represents a significant increase in cash incomes for most households and addresses their felt need of obtaining access to a regular income source (Jindal, 2004) .
Similarly, under TIST in Tanzania, local farmers receive carbon payments on the basis of the number of trees they can manage on their lands. Other benefits include increased access to fruits, timber, and firewood plus any other NTFPs the trees produce (for more details see http://www.tist.org/). These examples suggest that many carbon sequestration projects have potential to contribute to sustainable development in Africa and to provide increased financial inflows for host countries. More objective impact assessment studies will need to be undertaken before the full range and magnitude of benefits and costs is fully understood.
Biodiversity conservation and protection of natural resources
Many natural resource management projects are not viable either because their benefits are uncompensated environmental services or because national governments and other local agencies do not have adequate funds to undertake conservation activities. Carbon projects can address these concerns in two important ways, first by paying for some of the services such as carbon sequestration, and secondly by providing financial assistance to national governments to invest in natural resource projects (Gutman, 2003) . This is particularly relevant for Africa where precious natural resources are being rapidly lost for want of conservation investments.
There is evidence that many carbon sequestration projects in Africa have been successful in This indicates the need to carefully balance the pros and cons of a carbon sequestration project.
Improved land productivity through soil carbon sequestration
Sub Saharan Africa contains large tracts of degraded lands with extremely low agricultural productivity, especially in the Sahel. For instance, average crop yields in sub Saharan Africa are 1.5 t/ha for maize, 0.8 t/ha for sorghum and 0.7 t/ha for millet. This is due to poor soil quality, which occurs when soil organic carbon is lost to the atmosphere, thus leading to desertification. Estimates of the area of degraded land range from 3.47 to 3.97 billion hectares (Lal et al., 1998 
Impact on local ecology
Carbon sequestration through afforestation and reforestation can often generate other locally valued ecosystem services such as more regular and higher quality water supplies and control of soil erosion and sedimentation . In Western Sudan, for example, a carbon sequestration project has been working towards improving local rangelands.
Rangelands are a mainstay of Sudan's economy, covering about 60% of the country and providing fodder for one of Africa's largest concentrations of livestock. However, many rangelands have been badly degraded due to recurrent droughts and overgrazing. The project aims to restore these rangelands through conservation activities such as planting trees and grass to stabilize sand dunes and create windbreaks, and developing participatory rangeland management plans.
Similarly, the Western Kenya Integrated Ecosystem Management Project aims to improve the ecology of Lake Victoria Basin by taking up erosion control and watershed management activities on 900 square km. A key project component is to encourage adoption of agroforestry and other land management techniques that sequester carbon and pay local communities for the carbon credits.
However, it is important to note that carbon sequestration projects may not always benefit the local ecology. Focus on single species plantations or fast growing exotics that are effective in storing carbon, can produce other adverse effects (IUCN and UNEP, 2002) . Such plantations can often result in substantial losses in stream flow, and increased salinization and acidification . For instance, a global study on hydrological effect of forest plantation projects found that annual runoff reduced by as much as 75 percent when grasslands were converted into eucalyptus plantations . Similarly, monocultures may threaten local biodiversity and destroy native species. In order to avoid such harmful effects, there is a need to plan carbon sequestration projects carefully and to encourage native plant species over exotics. Deciduous indigenous trees that shed their leaves in the dry season can be particularly appropriate for use in water scarce catchments.
Carbon Sequestration Projects in Africa: Challenges to Scaling Up
The global carbon market is on the rise. The annual demand for carbon credits will increase steadily as the first commitment period under the Kyoto Protocol (2008-12) draws near. The last United Nations Climate Change Conference in Montreal also indicated that carbon emission reductions might continue beyond 2012, which will further boost the market.
Moreover, the United States and Australia have forged the Asia Pacific Partnership in Clean
Development and Climate, which is expected to provide incentive to markets for voluntary carbon credits.
In such a scenario, more and more industrialized countries will look for cost-effective alternatives to achieve emission reductions, including carbon sequestration. The international carbon market is already worth billions of dollars. Econometric models predict that the size of the CDM market itself could be 217 -640 million tCO 2 per year by 2010 (Haites, 2004) . The recent approval of carbon sequestration projects by the CDM Methodology Panel (Capoor and Ambrosi, 2006) raises hope for several more that are in the pipeline. Therefore, even though all the existing carbon sequestration projects in Africa are voluntary, experience with them will be crucial for determining how rules are laid out in the future. There are some projects in Africa that are potentially Kyoto-compliant.
Scaling up carbon investments will require a mix of 'push' and 'pull' factors. The following section looks at important push factors as well as other challenges that African countries must address to pull more carbon investments. The two important pull factors -the possibility of international carbon reductions to continue beyond 2012 and the future role of the United
States as a buyer of carbon credits -are beyond the scope of this paper.
Push by multilateral donors
The Clean Development Mechanism was introduced under Kyoto to enable industrialized countries to achieve their emission reduction targets in a cost effective manner while contributing to the sustainable development needs of developing countries (UNEP, 2004) . Mali to support carbon projects (Point Carbon, 2003) . However, carbon investments in CDMlike projects may continue to be low due to high risk and long time delays in getting approval from the Executive Board. Several recent studies have therefore pointed out the need to reform the CDM approval process, which will help push more carbon sequestration investments in developing regions like Africa (Michaelowa, 2005; Cosbey et al., 2005) .
Reducing transaction costs
Transaction costs include the costs of negotiating, contracting, implementing, and monitoring a project. In carbon sequestration projects and other CDM-based activities, transaction costs can be a significant component of total project costs; for instance, the World Bank prototype Carbon fund's upfront cost for each project is about $265,000 (UNEP, 2004) . Usually, transaction cost per ton of carbon dioxide for large projects is very small or even negligible, while for small-scale projects it is quite high. Similarly, transaction costs are much higher in absolute terms when dealing with multiple parties rather than a single party (Kerr et al., 2006) . Gaining information about landowners, contacting them, establishing contracts, and certifying changes in land use, all increase the cost per hectare and per unit of carbon sequestration when working with many small holders (Smith and Scherr, 2003) . As a result investors usually prefer large-scale projects with only a few partners rather than dealing with many partners with small pieces of land.
In Africa, most rural people are small landholders. Although many African countries have large tracts of privately held land that present an opportunity for large carbon sequestration projects (White and Martin 2002) , sustainable development of poor African communities would instead require projects to be taken up with small landholders. However, the prospect Finally, all activities including monitoring and disbursing carbon payments are performed by UMET's staff drawn from the local population, which further helps to reduce costs.
Securing property rights and land tenure
Tenure security is crucial for implementing carbon sequestration projects. Without clear and defendable rights to land, forest or the sequestration service itself, suppliers cannot make a credible commitment to supply carbon offsets (Gutman, 2003) . For projects where local communities act as service providers, it means that unless they have secure rights to the land on which forestry activities are taken up, the investor may have little confidence in financing the project.
Most African tenure systems are characterized by the existence of multiple tenures, that is, several users may have access to different resources on the same piece of land (Lund, 2000) .
For instance, in the Nyando basin in Kenya, land may be held under individual title but is used communally for grazing and wood collection (Swallow et al., 2001) . This can often cause confusion as to whether the land belongs to the group or to specific individuals, and it may be difficult for the investor to identify actual service providers. In general, there exists a duality between customary and statutory land rights in many African countries (Woodhouse, 2003) . In Ethiopia, for example, even though all land was officially nationalized in 1974, there continues a system of inheritance and hereditary rights in several parts of the country.
This can lead to tenure insecurity, a big impediment for long gestation forest carbon projects.
If carbon sequestration projects are taken up where property rights are unclear, it is also possible that more powerful people may take control over the land and poor people who may have been occupying it not only will not receive any benefits from carbon sales but could even end up losing their access to the land (Kerr et al., 2006) . For instance, a 50-year concession, owned by Tree Farms AS of Norway, to raise commercial plantations and generate carbon credits from 5160 hectares of land in Bualeba Reserve, Uganda, continues to threaten the livelihoods of the local poor. As local people do not possess formal land titles, there are strong concerns that the project may threaten eviction of about 8000 people who depend on the area for farming, collection of timber and NTFPs, cattle grazing and fishing (Eraker, 2000) .
Solving this problem is not as easy as simply establishing formalized land rights, because many land titling projects in Africa have failed where they were inconsistent with customary practices (e.g. Ensminger 1996) . Where local economic systems are more amenable to titling, this can be facilitated through coordination of government departments involved in allocating rights and strengthening dispute resolution mechanisms (Gutman, 2003) . Regardless of the land rights system, countries need to improve their monitoring and enforcement procedures so that rights can be effectively defended when challenged.
One possible way for carbon projects to operate in areas under customary tenure is by working on land held as common property by an entire community, rather than taking up plantations only on privately held land. Project benefits can be shared amongst the entire community. For example, the Nhambita Community Carbon Project (Mozambique) will deposit $40.50 per hectare in a community fund on the basis of the number of hectares that are brought under carbon sequestration. Since all land is registered in the name of the village chief and no household has individual titles, the entire community can gain from these group payments (Jindal, 2004) .
Improving governance
Good governance is critical for most market mechanisms to function properly. A stable and well-defined regulatory environment is necessary to promote international carbon investments, just like foreign direct investment. Considering that most carbon sequestration projects have a long gestation period, any investment is liable to be risky unless backed by long-term economic and political stability. Moreover, governments are important buyers and sellers of environmental services and also act as intermediaries (as seen in several projects in Africa). Therefore, in order to attract and sustain international carbon projects, it is essential to have good governance practices at national and local levels.
However, many African countries face political volatility and unpredictable governance systems making carbon sequestration investments a risky proposition. Several Sub-Saharan countries are under the grip of long-term civil strife, making it most difficult for them to attract international carbon sequestration investments. On the brighter side, in many other African countries the political leadership is taking ownership of conflict resolution, good governance and poverty reduction. Substantial improvement in economic governance has taken place across sub-Saharan Africa since the mid-1990s; the gross domestic product in 15 countries grew consistently at the rate of six percent per year. Skilled political leadership, international support, and desire for peace have led to real progress in addressing conflicts in countries such as Uganda, Mozambique and Rwanda (World Bank, 2005) . These initiatives are bound to instil confidence amongst investors to invest in carbon sequestration projects in these countries. But there are others where considerable progress still needs to be made.
Building institutional capacity
Facilitating successful implementation of carbon sequestration projects requires having adequate national institutional capacity. The Kyoto Protocol requires each developing country to establish a Designated National Authority (DNA) to promote carbon projects that are aligned with national development priorities beneficial for local communities, and in support of general sustainable development goals (UNEP, 2004) . The DNA serves as the point of contact between international investors and local service providers. One important factor in establishing a DNA is its institutional sustainability, reflected in its capacity to ensure a coherent, justifiable and transparent assessment of carbon projects and to generate enough revenue through these assessments to finance itself.
However, there is a concern that many countries in Africa lack institutional capacity to recognize, package and promote potential opportunities for funding carbon projects. Not only is there an absence of supporting policy and legal frameworks, but some countries even lack a general awareness about carbon payment processes (Kituyi, 2002) . Therefore, it is imperative to invest in capacity building of these national governments. Although organizations like UNDP and UNEP are already involved in capacity building initiatives, much remains to be 
Conclusions
Although the CDM Executive Board is still finalizing methodology for carbon sequestration projects, many international firms and organizations have initiated voluntary projects as part of their social responsibility or to test these new payment schemes for emission reductions. As a result, international carbon projects can offer significant financial inflows for developing regions like Africa. As experience with these voluntary efforts accumulates, it will also help in formulating more formal CDM guidelines for future projects.
However, carbon sequestration projects may not always benefit host countries. There are potential gains as well as adverse environmental and social effects. Single species plantations in particular may have a highly negative impact on the local ecology. This paper advocates the need to plan each carbon sequestration project carefully and to ensure that local communities remain the central focus of such projects. As a policy implication, the paper also supports the idea of including avoided deforestation into the CDM. Apart from reducing carbon emissions related to deforestation, this will also provide an economic incentive to several African countries to conserve their large tracts of tropical forests.
African countries in general need more investments to support poverty alleviation and economic development programs. Although carbon investments cannot fulfil all investment needs of these countries, nevertheless they can make significant contribution towards sustainable development in the region. Review of existing carbon sequestration projects in Africa shows that many projects are already moving towards this goal. However, it will not be easy to scale up such projects. Multilateral donors like the World Bank would need to push for more carbon investments in the region, which may also induce other investors to follow suit. Finally, African countries will also need to remember that carbon projects essentially represent an emerging market and not a grant-in-aid scheme. Only those countries that are well prepared and capable of participating in this competitive market will be able to seize this new opportunity.
